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The herpes simplex virus infected-cell protein 0 (ICP0) acts as a promiscuous transactivator of genes introduced into
eukaryotic cells by transfection or infection. The protein is highly posttranslationally modified by phosphorylation and
nucleotidylylation. We have examined the electrophoretic mobility and phosphorylation of ICP0 in Vero and rabbit skin cells
infected with wild-type virus or viruses from which the UL13 gene (DUL13) encoding a protein kinase or the a22/US1.5 genes
(Da22/DUS1.5) encoding putative transcriptional factors has been deleted. We report the following: (i) The accumulation of
ICP0 and the electrophoretic mobility of ICP0 were dependent on the nature of the infected cell type and the presence of
UL13. ICP0 encoded by wild-type virus accumulated to maximum levels earlier in infected Vero cells and its electrophoretic
mobility was slower than that made in rabbit skin cells. In both Vero and rabbit skin cells infected with the DUL13 virus,
the prevailing ICP0 form migrated faster than that accumulating in the corresponding cells infected with wild-type virus. (ii)
The alteration in electrophoretic mobility of ICP0 made in cells infected with DUL13 virus was due to the absence of the
UL13 protein and not to failure of posttranslational modification of Da22/DUS1.5 proteins inasmuch as the mobility of ICP0
in cells infected with Da22/DUS1.5 virus could not be differentiated from that of wild-type infected cells. (iii) ICP0 is
extensively phosphorylated in infected cells even in the absence of UL13 protein. ICP0 is, however, a substrate for the UL13
kinase inasmuch as ICP0 was phosphorylated in mixtures of immune complexes of ICP0 and UL13. Complexes containing
ICP0 only or infected cell lysate proteins reacting with preimmune serum from the rabbit immunized with UL13 protein failed
to phosphorylate ICP0. (iv) In the absence of UL13, ICP22 is overproduced—an imbalance attributed to UL13. Thus, ICP22
regulates both the utilization of splice acceptor sites and the longevity of ICP0 mRNA (K. L. Carter and B. Roizman, 1996,
Proc. Natl. Acad. Sci. USA 93, 12535–12540); UL13 is involved in the posttranslational modification of ICP0 and is required
for both posttranslational processing and control of abundance of ICP22. q 1997 Academic Press
INTRODUCTION cytoplasm in cells infected with either wild type or a22
deletion mutant. Last, the major a0 mRNA accumulating
This report addresses one aspect of the interrelation-
in rabbits skin cells infected with wild-type virus migrates
ships of the products of the herpes simplex virus 1 (HSV-
faster than the corresponding mRNA made in Vero cells
1) genes a0, a22/US1.5, and UL13 (Fig. 1). Specifically: (Carter and Roizman, 1996a).
(i) The major product of the a0 gene is infected-cell (ii) The domain of the a22 genes yields two mRNAs,
protein 0 (ICP0). The function best reconciled with this that encoding ICP22 and that encoding a protein desig-
protein is that of a promiscuous transactivator of genes nated US1.5 and which is identical to the carboxyl-termi-
introduced into cells by infection or transfection (Cai and nal 200 amino acids of ICP22 (Carter and Roizman,
Schaffer, 1992; Chen and Silverstein, 1992; Everett, 1989; 1996b). There are no satisfactory studies which differenti-
Stow and Stow, 1986; Quinlan and Knipe, 1985). The ate between the functions of ICP22 and US1.5 proteins
protein is highly posttranslationally modified by phos- and therefore they are referred to in this report as the
phorylation and nucleotidylylation (Ackerman et al., 1984; products of the a22/US1.5 genes. These products appear
Blaho et al., 1993, 1994; Mitchell et al., 1994). The a0 to be involved in transcriptional and posttranscriptional
gene contains two introns mapping in the coding domain regulation (Purves et al., 1993; Leopardi et al., 1997).
of the gene (Perry et al., 1986). Relevant to this report Early reports have shown that in cells infected with a
are three recent observations. First, intron I RNAs are mutant lacking a substantial portion of the a22/US1.5
stable and generated by splicing from one splice donor genes (Da22/US1.5 mutant), the accumulation of ICP0
site to at least three splice acceptor sites. Second, intron mRNA and protein was reduced and a subset of late or g2
I RNA is nonpolyadenylated and is transported to the proteins exemplified by US11 also accumulated in much
reduced amounts (Purves et al., 1993). The overall effects
of the deletion were, however, cell dependent in that1 To whom reprint requests should be addressed. Fax: (773) 702-
1631. E-mail: bernard@cummings.uchicago.edu. virus yields were unaffected in Vero or HEp-2 cells but
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FIG. 1. Schematic representations of the DNA sequence arrangements of the HSV-1 genome of the viruses used in this study. Line 1, linear
representation of the HSV-1 genome. The open rectangles represent the terminal repeats flanking the unique long (UL) and the unique short (US)
sequences. The locations of the a0, a22, and UL13 genes are shown. Line 2, representation of the BglII O fragment which contains the UL13 gene.
The transcript is represented by the arrows and the coding domain of UL13 is represented by the open rectangles. R7356 contains a deletion within
the UL13 coding region spanning amino acids 155 to 412. Line 3, representation of the BglII N fragment which contains the a22 gene. The transcript
is represented by the arrow and the coding domain of the a22/US1.5 genes is represented by the open rectangle. In recombinant R325 the C-
terminal 200 amino acids of the a22 open reading frame have been deleted. This deletion includes virtually the entire US1.5 open reading frame.
Abbreviations for restriction endonucleases are as follows: B, BamHI; Bg, BglII; Bs, BstEII; H, HindIII; and P, PvuII.
significantly reduced in cells of rodent derivation (Sears lational modification of ICP0 was due to UL13 rather than
to the a22 protein; (iii) UL13 contributed to but was notet al., 1985). In more recent studies, it was found that
in the cells infected with the Da22/DUS1.5 mutant the the sole kinase responsible for the phosphorylation of
ICP0; and (iv) a mixture of immune complexes of UL13amount of a0 mRNA was grossly reduced relative to the
amount of accumulated intron 1 RNA and, moreover, one and ICP0 mediated the phosphorylation of ICP0, whereas
immune complexes consisting of ICP0 alone or a mixturesplice acceptor site was underused, suggesting that a22/
US1.5 proteins were responsible both for the usage of of ICP0 immune complex with complexes formed by the
preimmune serum of the rabbit immunized with UL13splice acceptor sites and for the longevity of the a0
mRNA (Carter and Roizman, 1996a). a22/US1.5 genes protein did not phosphorylate ICP0.
have also been implicated in the modification of the RNA
polymerase II (Rice et al., 1994, 1995). MATERIALS AND METHODS
(iii) The product of the gene UL13 mediates the phos- Cells and virusesphorylation of several proteins including that of the a22/
US1.5 genes (Coulter et al., 1993; Cunningham et al., Vero cells were obtained from the American Type Cul-
1992; Overton et al., 1992; Purves and Roizman, 1992; ture Collection. Rabbit skin cells were originally obtained
Purves et al., 1993). In many aspects, but particularly with from John McClaren. HSV-1(F) is the prototype HSV-1
respect to the accumulation of a subset of g2 genes strain used in this laboratory (Ejercito et al., 1968). Con-
exemplified by the US11 gene, the phenotype of the struction of R325 (Da22/DUS1.5) and R7356 (DUL13) has
DUL13 mutant could not be differentiated from that of the been described elsewhere (Post and Roizman, 1981;
Da22/DUS1.5 mutant (Purves et al., 1993). The central Purves et al., 1993).
question therefore is whether the phenotype of the
Preparation of radioactively labeled infected-cellDa22/DUS1.5 mutant reflects a failure of an activity of
lysatesthe UL13 protein.
In this report we focused on the electrophoretic mobil- Replicate cultures of Vero or rabbit skin cells in 25-
cm2 flasks were infected with 10 PFU of the appropriateity and posttranslational phosphorylation of ICP0. We re-
port that (i) ICP0 made by wild-type virus in rabbit skin virus per cell. The cells were maintained in medium 199V
consisting of mixture 199 supplemented with 1% calf se-cells migrated faster in denaturing polyacrylamide gels
than that made in Vero cells, possibly reflecting a differ- rum. At 13 hr after infection, the cells were incubated
for 1 hr in Eagle’s minimal essential medium withoutential posttranslational processing but which also corre-
lated with the faster migration of ICP0 mRNA in the rabbit phosphate and supplemented with 1% dialyzed phos-
phate-free calf serum. Cells were then labeled with 100skin cells (Carter and Roizman, 1996a); (ii) the posttrans-
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to 200 mCi of 32Pi (New England Nuclear) in a final volume acrylamide gels or used for in vitro kinase assays as
described below.of 3 ml for 4 hr, then rinsed and scraped into 1 ml of ice-
cold phosphate-buffered saline lacking Ca2/ and Mg2/
(PBS-A), centrifuged for 5 min in a microcentrifuge at 47, Kinase assays
and suspended in 500 ml of lysis buffer [50 mM Tris
Unlabeled mock-infected or infected Vero cell lysates(pH 8.0), 120 mM NaCl, 0.5% NP-40, and 50 mM NaF]
were reacted with 10 ml of rabbit preimmune serum forcontaining protease inhibitors (0.1 mM tosylsulfonyl phe-
2 hr and then with protein A–Sepharose for 1.5 hr. Thenylalanyl chloromethyl ketone [TPCK], 0.1 mM tosyl-L-
Fc receptor-depleted lysates were then used for immuno-phenylalanine chloromethyl ketone [TLCK], 0.1 mM phe-
precipitation with the UL13 or ICP0 antiserum as de-nylmethylsulfonyl fluoride [PMSF]) and subjected to im-
scribed above. The immune complexes harvested on themunoprecipitation.
protein A-conjugated Sepharose beads were rinsed
twice with kinase buffer [50 mM Tris–HCl (pH 8.0), 50
Electrophoretic separation and immunoblotting of
mM MgCl2 , 0.1% NP-40, and 1 mM DTT]. Protein kinaseviral proteins
assays were done by incubating the immune complexes
with 70 ml protein kinase buffer supplemented with 100Replicate Vero or rabbit skin cell cultures in 25-cm2
mM ATP and 65 mCi [g-32P]ATP at 377 for 30 min. Theflasks were infected with 10 PFU of the appropriate virus.
beads were then rinsed with lysis buffer, resuspendedThe cells were harvested as described above except that
in disruption buffer, and boiled for 5 min. The supernatantthey were resuspended in 350 ml of PBS-A* [PBS-A with
fluid containing the released proteins was electrophoreti-0.1 mM TPCK, 0.1 mM TLCK, 0.1 mM PMSF, 1.0% (v/v)
cally separated on denaturing polyacrylamide gels.Nonidet-P40, 40 mM B-glycerophosphate, and 1.0%
(w/v) sodium deoxycholate]. Lysates were sonicated
briefly and frozen in aliquots at 0707. The aliquots were RESULTS
thawed and 40 ml of infected cell lysate was mixed with
The posttranslational modification of ICP0 is20 ml of disruption buffer (12.5 mM Tris–HCl [pH 6.8],
determined by UL13 and cellular factors0.5% sodium dodecyl sulfate, 2.5% glycerol, 5% b-mer-
captoethanol) and boiled for 5 min. The solubilized pro- In this series of experiments replicate cultures of Vero
teins were then subjected to electrophoresis in denatur- or rabbit skin cells were infected with 10 PFU of wild-
ing polyacrylamide gels (60 ml per lane), transferred to type or mutant viruses per cell. At 4, 8, 12, and 24 hr
a nitrocellulose membrane (Schleicher & Schuell), and after infection the cells were harvested, solubilized, elec-
reacted with the appropriate antibody. The bound anti- trophoretically separated in a denaturing polyacrylamide
body was visualized with antibody conjugated to alkaline gel, electrically transferred to a nitrocellulose sheet, and
phosphatase (Bio-Rad) or peroxidase (Sigma) and visual- reacted with monoclonal antibody to ICP0 and polyclonal
ized according to the manufacturer’s instructions. The antibody to ICP22. Analyses of the migration of ICP0 in
antibodies used in this study were the rabbit polyclonal these gels suggested that ICP0 formed at least three
antibody R77 against ICP22 (Ackermann et al., 1985), a distinct, closely migrating bands designated a, b, or c
mouse monoclonal antibody to ICP0 (H1083) (Ackermann and which could be readily scored on the basis of elec-
et al., 1984), and a rabbit polyclonal antibody against trophoretic mobility. The results, Fig. 2, were as follows:
UL13 (T. Ng, W. O. Ogle, and B. Roizman, submitted for
publication). (i) Vero cells infected with the wild-type parent [HSV-
1(F)] consistently accumulated the a form of ICP0 at all
times tested. Furthermore, there was no significantImmunoprecipitation
change in the amounts of ICP0 detected between 4 and
24 hr after infection. In contrast, whereas ICP0 in rabbitVero cell lysates equivalent to one-half of a 25-cm2
tissue culture flask were harvested in lysis buffer, chilled skin cells at 4 hr after infection was of the a type, it
shifted to a b and c type at 8 and 12 hr after infectionon wet ice for 30 min, and cleared by centrifugation in a
microfuge for 20 min at 47. The supernatant fluid was and to all three types at 24 hr after infection. Furthermore,
the quantities of ICP0 appeared to increase with timethen precleared by mixing with 30 ml of a 50% slurry of
protein A-conjugated Sepharose beads (Sigma) for 1 hr after infection.
In the experiments shown in Fig. 2 we resolved fivewith mixing and reacted with a 1:100 dilution of UL13 or
ICP0 antiserum overnight at 47. The immune complex bands of ICP22. The fastest migrating form was not de-
tected in cells infected with wild-type virus. The otherwas harvested with protein A–Sepharose beads, repeat-
edly rinsed with lysis buffer, and either eluted from the forms were present in very small amounts at 4 hr after
infection and in increasing amounts at later times. TheSepharose beads by boiling for 5 min in disruption buffer
and electrophoretically separated on denaturing poly- noteworthy observation is that infected rabbit skin cells
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FIG. 2. Lysates of Vero cells (VC) and rabbit skin cells (RSC) harvested at various times (4–24 hr) after infection were electrophoresed in a SDS–
6% polyacrylamide gel, transferred to a nitrocellulose sheet, then reacted with the rabbit polyclonal antibody R77 prepared against amino acids
12–23 of ICP22 and reacted with the mouse polyclonal antibody H1083 to ICP0. The cells were infected with HSV-1(F) or R7356 (DUL13). The
procedures were done as described under Materials and Methods. The letters below the ICP0 bands identify the forms of ICP0 expressed in that
lane.
exhibited smaller amounts of the slowest migrating forms gels, electrically transferred to a nitrocellulose sheet, and
reacted with monoclonal antibody to ICP0. The results,than did infected Vero cells.
(ii) Vero cells infected with R7356 (DUL13) virus exhib- Fig. 3B shows that ICP0 from Vero cells infected with the
Da22/DUS1.5 virus comigrated with that of cells infectedited a delay in the accumulation of ICP0. This was re-
flected at 8 hr after infection in smaller accumulations of with wild-type virus (compare lanes 1 and 3). In contrast,
ICP0 in DUL13-infected cells compared with the amounts
of ICP0 accumulating in wild-type-infected cells. The sig-
nificant difference was that the predominant ICP0 was
of the c type in rabbit skin cells and b type in Vero cells.
(iii) ICP22 accumulated in much larger amounts in
both Vero and rabbit skin cells infected with UL13
0 virus
(Fig. 2, lanes 9, 10; 13, 14; and 17, 18). Another significant
difference between wild-type- and DUL13-infected cells
was the failure of accumulation of slower migrating forms
of ICP22 in cells infected with the deletion mutant as
previously reported (Purves and Roizman, 1992; Purves
et al., 1993).
The posttranslational modification of ICP0 is
mediated by UL13 protein and not by ICP22
Earlier studies have shown that DUL13 and Da22/
DUS1.5 mutants exhibit similar phenotypes with respect
to accumulation of ICP0 and of a subset of late (g2)
proteins. In this series of experiments we show that the
observed differences in the posttranslational modifica- FIG. 3. Photograph of an immunoblot of infected cell lysates, electro-
phoretically separated in an SDS–8.5% polyacrylamide gel, transferredtion of ICP0 are due to UL13 and not to the a22/US1.5
to a nitrocellulose sheet, and reacted with the mouse monoclonal anti-proteins. Specifically, replicate Vero cell and rabbit skin
body H1083 to ICP0. (A) Rabbit skin cells (RSC) mock infected (lane 1)cell cultures were infected with 10 PFU of HSV-1(F),
or infected with HSV-1(F) (lane 2), R325 (Da22/US1.5) (lane 3), or R7356R7356 (DUL13), or R325 (Da22/DUS1.5) viruses. At 18 hr (DUL13). (B) Vero cells infected with HSV-1(F) (lane 1), R7356 (DUL13),
after infection the cells were harvested and the extracts or R325 (Da22/DUL1.5). The procedures were as described under Ma-
terials and Methods.were electrophoretically separated on a polyacrylamide
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ered from wild-type-infected Vero cells and cells infected
the deletion mutant suggests that specific activity of ICP0
precipitated from DUL13 virus-infected cells may be
lower than that of wild-type virus-infected cells (compare
Fig. 4A, lanes 4 and 6 and those of 4B, lanes 4 and 6).
These results indicate that other kinases are responsible
for some of the phosphate bound to ICP0. They also
suggest that UL13 contributed most of the total phosphate
load on this protein.
The kinase activity in UL13 immunoprecipitates
phosphorylates ICP0
In this series of experiments we demonstrate that UL13
protein contained in immune complexes brought down
by protein A autophosphorylated itself and also ICP0.
The experimental data bearing on this conclusion are as
follows:
(i) Immune complexes containing ICP0 alone, UL13
alone, or mixtures of the two prepared as described un-FIG. 4. Photograph of autoradiographic image of 32P-radiolabeled
der Materials and Methods were allowed to react for 30infected cell lysate immunoprecipitated by ICP0 (H1083) antisera. (A)
Vero cells (VC) or rabbit skin cells (RSC) were mock infected or infected min in the presence of [g-32P]ATP. The reaction mixture
with HSV-1(F) or R7356 (DUL13) virus. At 14 hr after infection, the was then solubilized, subjected to electrophoresis and
cells were labeled with 32P-orthophosphate for 4 hr, then harvested, autoradiography (Fig. 5A), and also reacted with anti-
solubilized, immunoprecipitated with the ICP0 mouse monoclonal anti-
ICP0 antibody (Fig. 5B) or UL13 antibody (Fig. 5C). Theserum, eluted from protein A–Sepharose, electrophoretically separated
results shown in Fig. 5A indicate that proteins were la-in an SDS–6% polyacrylamide gel, and transferred to a nitrocellulose
sheet. (B) Photograph of the nitrocellulose sheet reacted with ICP0 beled by [g-32P]ATP in reaction mixtures containing im-
antiserum and visualized as described under Materials and Methods. mune complexes which contained UL13 (lanes 2 and 4)
but not in those containing only ICP0 (lane 3). As reported
elsewhere (T. Ng, W. Ogle, and B. Roizman, submitted
the ICP0 contained in cells infected with the DUL13 virus for publication), the immune complexes containing UL13migrated faster (lane 2). Rabbit skin cells (Fig. 3A) in- coprecipitated labeled glycoprotein E. This glycoprotein
fected with wild-type virus exhibited all three forms, types is composed of the virally encoded Fc receptor and binds
a, b, and c (lane 1), whereas cells infected with Da22/ specifically with the rabbit polyclonal antibody to UL13
DUS1.5 virus exhibited the b type (Fig. 3A, lane2) and (Fig. 5A, lane 1). The mixtures of immune complexes
cells infected with DUL13 virus exhibited both the b and containing UL13 and ICP0 also labeled ICP0. The identitythe c type. Therefore, we conclude that the posttransla- of the radioactive band labeled ICP0 (Fig. 5A, lanes 2
tional modification of ICP0 is mediated by the UL13 pro- and 4) is based on the immunoblot shown in Fig. 5B.
tein. This panel also serves as a loading control in that ICP0
levels in the precipitates reacted with [g-32P]ATP con-ICP0 is not phosphorylated exclusively by UL13 tained equivalent amounts of ICP0.
(ii) Since the antibody to UL13 was a polyclonal rabbitIn this series of experiments replicate cultures of Vero
or rabbit skin cells were mock infected or infected with serum, the secondary antibody for visualization of UL13
proteins reacted with rabbit IgG. As a consequence the10 PFU of HSV-1(F) or of DUL13 mutant per cell. The
cultures were labeled with 32P-orthophosphate from 14 rabbit immunoglobulin bands are very prominent in Figs.
5B and 5C. The exception is Fig. 5C, lane 3, which con-to 18 hr after infection and ICP0 was immunoprecipitated
from the cell lysates as described under Materials and tained ICP0 precipitated with mouse monoclonal anti-
body. As could be expected, mouse IgG did not reactMethods. The precipitated ICP0 was solubilized, electro-
phoretically separated on a polyacrylamide gel, electri- with the anti-rabbit IgG antibody.
(iii) Immunoprecipitates of ICP0 and UL13 derived in-cally transferred to a nitrocellulose sheet, and subjected
to autoradiography (Fig. 4A) and also reacted with the dependently from Vero cells infected with HSV-1(F) or
R7356 (DUL13) viruses were mixed and reacted with [g-monoclonal antibody to ICP0 (Fig. 4B). The results show
that although ICP0 accumulated in smaller amounts in 32P]ATP. After 30 min, the labeled extracts were dena-
tured and subjected to electrophoresis and autoradiogra-cells infected with DUL13 virus the immunoprecipitated
protein was labeled with 32P. Comparison of ICP0 recov- phy (Fig. 5D) or reacted with antibody to ICP0. Labeled
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FIG. 5. In vitro protein kinase assay. (A) Vero cells were infected with HSV-1(F) virus. At 24 hr after infection the cells were solubilized. The cell lysates
were precleared with protein A and then immunoprecipitated with UL13 polyclonal antibody (lane 1); UL13 polyclonal antibody and ICP0 (H1083) monoclonal
antibody for coimmunoprecipitation assay (lane 2); ICP0 (H1083) monoclonal antibody (lane 3); or each antiserum individually and then mixed for the
kinase assay (lane 4). The kinase assay was carried out as described under Materials and Methods. The immune complexes were eluted from protein
A–Sepharose, eletrophoretically separated in an SDS–10% polyacrylamide gel, and transferred to a nitrocellulose sheet, and the 32P-labeled proteins
were visualized by autoradiography. (B) Nitrocellulose membrane corresponding to that shown in A was reacted with ICP0 (H1083) monoclonal antibody
and visualized using enhanced chemiluminescence (Amersham). (C) Nitrocellulose membrane corresponding to that shown in A was reacted with UL13
antibody and visualized using alkaline phosphatase (Bio-Rad). (D) Vero cells were infected with HSV-1(F) or R7356 (DUL13) virus. At 24 hr after infection
the cells were solubilized and the kinase assay was done as described above and under Materials and Methods. Lane 1, kinase assay done on ICP0
immunoprecipitated from lysates of HSV-1(F)-infected cells. Lane 2, kinase assay done on UL13 immunoprecipitated from HSV-1(F)-infected cells. Lanes
3 and 4, kinase assays done on ICP0 or UL13 immunoprecipitated from cells infected with R7356 (DUL13) virus. (E) Nitrocellulose membrane corresponding
to D was reacted with the ICP0 antibody and visualized using enhanced chemiluminescence.
proteins were detected in Fig. 5D only in the mixture protein affects the accumulation of a0 mRNA and protein,
regulates the utililization of its splice acceptor sites, andcontaining UL13 from wild-type-infected cells. There were
no labeled proteins in reaction mixtures containing im- longevity of a0 mRNA. The data presented in this report
constitute the first evidence that UL13 is directly involvedmune complexes from DUL13 virus-infected cells (Fig.
5E). Figure 5E also shows that immune complexes de- in posttranslational modification of ICP0 and that ICP0
is a substrate for phosphorylation by the UL13 kinase inrived from both wild-type virus and DUL13-infected cells
contained approximately equivalent levels of ICP0. vitro. The salient features of the results presented in this
report are as follows:(iv) Last, the electrophoretic mobility of UL13 is slightly
slower than that of IgG. UL13 was identified on the basis
(i) The kinetics of synthesis of ICP0 in Vero cellsof its autophosphorylation in Fig. 5A, lanes 1, 2, and 4,
infected with the wild-type virus differed from those inand especially Fig. 5C, lanes 1, 2, and 3.
rabbit skin cells. Whereas ICP0 continued to accumu-We conclude from these studies that immune com-
late in rabbit skin cells until 24 hr after infection, itplexes containing UL13, unlike those containing ICP0,
leveled off between 4 and 8 hr after infection of Verocontain a kinase activity which phosphorylates ICP0.
cells. Moreover, the electrophoretic mobility of ICP0Elsewhere we have shown that the same activity phos-
made in rabbit skin cells until very late in infection wasphorylates glycoprotein E (T. Ng., W. Ogle, and B. Roiz-
faster than that made in Vero cells. The significanceman, manuscript submitted for publication). This activity
of both observations is unclear. The data suggest thatis not brought down nonspecifically with the polyclonal
the regulation of synthesis of ICP0 in the two cell linesrabbit serum to UL13 since the immunoglobulin brought
differs. With respect to electrophoretic mobility, it isdown by protein A from mixtures with lysates of DUL13-
noteworthy that the major mRNA of a0 extracted frominfected cells lacked this activity.
infected rabbit skin cells at 12 hr after infection mi-
DISCUSSION grates in denaturing gels faster than that made in Vero
cells (Carter and Roizman, 1996b).This report concerns a three-part problem, UL13, a22,
and a0. UL13 is known to phosphorylate ICP22. The latter (ii) As a general rule, the accumulation of ICP0 in cells
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infected with wild-type virus was greater than that ob- lates both the utilization of splice acceptor sites and the
longevity of ICP0 mRNA (Carter and Roizman, 1996b).served in cells infected with the DUL13 mutant. This dif-
ference was greater in rabbit skin cells than in Vero cells. We have shown here that UL13 is involved in the post-
translational modification of the ICP0 and that it controlsIn addition, the ICP0 made in cells infected with DUL13
mutant migrated perceptibly faster than the ICP0 made the abundance of ICP22.
Last, our results suggest that the processing of ICP0in wild-type-infected cells. The reduction in the amount
of ICP0 correlated with the accumulation of rapidly mi- by host factors varies depending on the cell line and
time of infection. For example, ICP0 made in rabbit skingrating, nonprocessed forms of ICP22. However, ICP0
made in cells infected with Da22/DUS1.5 mutant could cells early in infection with wild-type virus migrates more
slowly (form a) than the protein accumulating late in in-not be differentiated from that made in wild-type-infected
cells with respect to electrophoretic mobility. The conclu- fection. The data suggest that the posttranslational modi-
fication of ICP0 is a dynamic process that varies fromsions therefore are that both ICP0 and ICP22 are post-
translationally modified by UL13 protein and that the post- one cell line to another and reflects both the availability
of cellular factors and the specific requirements of ICP0translational modification of ICP0 is due to UL13 and not
to ICP22/US1.5, even though a22/US1.5 plays an im- in the course of its reproductive cycle.
portant role in regulating a0 mRNA.
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